Introduction
The recent successful pregnancy of the gorilla 'Lomie' in the collection of the Zoological Society of London has provided a rare opportunity to study the patterns of hormone excretion during pregnancy in this endangered species. Hopper, Tullner & Grey (1968) studied oestrogen excretion in a pregnant gorilla and showed that oestradiol was the major urinary oestrogen.
The present study was undertaken as part of a project on the measurement of urinary hormones during the oestrous cycle and pregnancy in a wide variety of mammals in order to provide more objective criteria for the breeding of these species in captivity. The value of such measurements is their potential to provide information about the reproductive status of an animal which cannot be quickly or reliably obtained from direct observation. Two aspects were of particular interest in this study: (1) the use of urinary oestrogen assays as a method for the early detection of a fertile mating; (2) the possibility that in gorillas a rapid decline in oestrogen excretion during pregnancy is indicative of im¬ pending fetal death, as in man (see Greene & Touchstone, 1963 ; Heys, Scott, Oakey & Stitch, 1968 ; Brown & Beischer, 1972; Rao, 1976) . Because testosterone is known to compete with oestrogens for binding sites on steroid hormone-binding globulin in man and this interaction may play an important role in regulating the action of these hormones (Burke & Anderson, 1972) At Bristol Zoo and London Zoo specimens of urine were collected from the drain of 'Lomie's' enclosure at about the same time each day, shortly after urination. Although every precaution was taken to avoid contamination of the specimens, dilution ofthe urine by very small volumes of residual tap-water in the drain could not be prevented, neither could the occasional inclusion of small amounts of cage material or faeces, but the urine samples were never grossly contaminated. The samples were filtered through fibre-glass paper (Whatman, grade GFA) and stored at -20 or -40°C until analysed.
Any steroid glucuronates present (which do not cross-react with the antisera of the assays) were hydrolysed by incubation at 37°C for 1 h with 8 i.u. ß-glucuronidase "Pasteur" (from E. coli; A.P.I. Laboratories Ltd, Rayleigh, Essex)^l urine (Crowley & Rosser, 1973 The urine sample (100 µ ), labelled steroid (200 µ ,^= 50 pg) and antiserum (200 µ ) were incubated together at 4°C overnight; the free steroid was removed by the addition of 200 µ charcoal/dextran and 500 µ of the supernatant were removed for determination of the bound labelled steroid by liquid scintillation counting. For hormone concentrations near the assay optima (see Seaton et al., 1976) typical intra-and interassay coefficients of variation were 1-4 and 3-0% respectively for the testo¬ sterone assay and 20 and 3-5 % for the oestrogen assay. Blanks were never appreciably different from zero.
As 24-h urine collections were impossible, a correction for variations in urine volumes was made by relating the hormone levels to the urinary creatinine concentration determined colorimetrically (Slott, 1965) . The applicability of the assay method was checked by measurement of oestrogen and testosterone in early morning (i.e. first-voided) human urine samples obtained from normal healthy volunteers.
Results
The urinary creatinine, oestrogens and testosterone concentrations during the pregnancy of the gorilla are illustrated in Text- fig. 1 . The observed oestrogen values are considered as representing the overall trend rather than the absolute concentrations because oestrone, oestradiol and oestriol have different cross-reactions with the antiserum used. The hormone concentrations in the human urine samples are given in Table 2 ; they are comparable to those obtained by Ismail & Harkness (1966) and Brown & Beischer (1972: see Text-fig. 2 ).
The urinary testosterone levels during the last 10 weeks of pregnancy in the gorilla (Text- fig. 1 ) were as high as those in adult human males ( Table 2 ). The post-partum decline was less rapid than that of oestrogen excretion. Although urinary excretion of testosterone did not fluctuate to the same degree as that of oestrogens, there was a highly significant (P < 0001) correlation between the oestro¬ gen and testosterone levels from 79 to 11 days before parturition, but this changed dramatically during the last 9 days of pregnancy (Text- fig. 3 ).
Text- fig. 2 . A comparison of oestrogen concentrations in the urine of cyclic non-pregnant women deter¬ mined by the radioimmunoassay described in this paper for the gorilla (o) and those given by Brown & Beischer (1972) from a spectrofluorometric assay (·). Day 0 is the day of the oestrogen peak. Although the major urinary oestrogen in women is oestriol, not oestradiol as in the gorilla (Hopper et al., 1968) , the excretion pattern in the two species is similar. As in women (Brown & Beischer, 1972) , urinary total oestrogen excretion by the gorilla rises throughout pregnancy, the nearterm levels being some three orders of magnitude greater than those in the non-pregnant animal. The data show that it is practicable to monitor oestrogen excretion routinely in the gorilla to provide an early diagnosis of pregnancy (steadily rising oestrogen levels).
In the gorilla, as in women (Smith, 1966; De Hertogh, Thomas, Bietlot, Vanderheyden & Ferin, 1975) , chimpanzees (Reyes, Winter, Faiman & Hobson, 1975) and rhesus monkeys (Bosu, Johansson & Gemzell, 1973) , considerable fluctuations in the levels of oestrogen were observed. The data ob¬ tained during the more frequent sampling in late pregnancy suggest that the fluctuations are regular rather than random (see Text-fig. 1 ). The occurrence of periodic phenomena during pregnancy has been observed previously (Swezy & Evans, 1930; Richards, 1964) . The loss of correlation between oestrogen and testosterone levels just before parturition has not been reported for other species. However, a similar pre-partum change in oestrogen-testosterone ratios may occur in women because Mizuno, Lobotsky, Lloyd, Kobayaski & Murasawa (1968) found a pre-partum rise in plasma testo¬ sterone and Smith ( 1966) describes a pre-partum decline in plasma oestrogen levels, although Turnbull et al. (1974) recorded a rise in plasma oestradiol levels at this time. Therefore, the potential value of oestrogen-testosterone ratios, rather than oestrogen levels alone, in pregnancy monitoring remains to be determined.
